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16. programmed ventricular stimulation on the arterialcoronary sinus lactate difference. Negative lactate extraction, i.e., lactate production, was demonstrated in each of eight consecutive patients with coronary artery disease who underwent programmed stimulation with a protocol consisting of single and double extrastimuli, a basic drive cycle length as short as 330 msec, and a 3-second intertrain interval.' In many electrophysiology laboratories the stimulation protocol includes triple extrastimuli, a shortest basic drive cycle length of 400 msec and a 4-second inter-train interval.2-7 The effects of this type of stimulation protocol on myocardial metabolism have not been described.
Because the functional consequences of coronary artery stenoses are extremely variable, the effects of programmed ventricular stimulation on myocardial lactate production would not be expected to be similar in all patients with coronary artery disease. However, the factors associated with myocardial ischemia during programmed ventricular stimulation in patients with coronary artery disease have not been characterized. Also unclear is whether programmed ventricular stimulation may precipitate myocardial ischemia in patients without coronary artery disease, e.g., patients with dilated cardiomyopathy.
The present study was designed to answer the following three questions: (1) How often is myocardial ischemia precipitated by a programmed ventricular stimulation protocol which includes single, double, and triple extrastimuli, basic drive cycle lengths of 600 and 400 msec, and a 4-second inter-train interval? (2) Seventeen patients who underwent a clinically indicated electrophysiologic study provided informed consent to participate in this study under a protocol approved by the Committee on Human Research at the University of Michigan. Only patients who had undergone a cardiac catheterization including coronary angiography, within 2 months of the electrophysiologic study were asked to participate.
The patient's clinical features are described in Table I . There were 12 men and 5 women, with a mean age of 55 + 13 years (+ standard deviation). Four patients had no identifiable structural heart disease. Four patients had an idiopathic dilated cardiomyopathy and a mean left ventricular ejection fraction of 0.23 + 0.04. Nine patients February, 1986 American Heart Journal had a significant coronary artery stenosis (270% of diameter) in at least either the left anterior descending or left circumflex coronary artery. In two patients who had undergone coronary artery bypass grafting, one had patent grafts to all vessels (patient No. 15), whereas the other (patient No. 14) had an occluded graft to a large branch of the left circumflex coronary artery. In the patients with coronary artery disease, the mean left ventricular ejection fraction was 0.31 2 0.14 (range 0.15 to 0.60).
A thallium-201 exercise test (Bruce protocol) was performed in seven of the nine patients who had coronary artery disease. A treadmill test was not performed in two patients (Nos. 9 and 10) who were debilitated. Electrophysiologic study. The electrophysiologic study was performed in the fasting, unsedated state. Antiarrhythmic drugs were discontinued 4 or more half-lives before the study, and all forms of nitrate therapy were discontinued for at least 4 hours before the study. Between one and three electrode catheters were inserted percutaneously through a femoral vein; one was positioned against the right ventricular apex and the others were positioned depending on the clinical indication for the electrophysiologic study. A No. 6 or 7 French central lumen catheter was inserted through a brachial or subclavian vein and was positioned within the proximal portion of the coronary sinus. A No. 5 French cannula was inserted percutaneously into a femoral artery for continuous monitoring of the arterial blood pressure.
ECG leads V,, I, and III, the right ventricular apex electrogram, and the mean atria1 blood pressure were recorded at a paper speed of 25 to 50 mm/set on an Electronics for Medicine VR-12 recorder. Programmed stimulation was performed with stimuli which had a duration of 2 msec and a current intensity of 0.8 to 1 mA (two to three times the diastolic excitability threshold). Programmed ventricular stimulation protocol. Using basic drive trains of eight stimuli (S,) at a cycle length of 600 msec and a 4-second inter-train interval, a single extrastimulus (S,) was introduced 450 msec after the last S1, and the S,-S, interval was decreased by 10 msec steps to the point of ventricular refractoriness. S, was positioned 30 msec beyond the point of refractoriness and a second extrastimulus (S,) was then introduced 300 msec beyond S,. The S,-S, interval was decreased by 10 msec steps till S, no longer evoked a response. The S1-S2 interval was shortened by 10 msec steps till S, again evoked a response, then the S,-S, interval was shortened till S, no longer evoked a response. This process was continued till S, reached ventricular refractoriness. S, and S, were then positioned 30 msec beyond their points of refractoriness and a third extrastimulus (S,) was introduced 300 msec beyond S,. The S,-S, interval was shortened by 10 msec steps till S, no longer evoked a response. The S1-S2, S&, and S,-S, intervals were then sequentially shortened by 10 msec till S, reached ventricular refractoriness. This stimulation sequence was then repeated at a basic drive cycle length of 400 msec, starting with an S,-S, interval of 350 msec.
Serum lactate determinations. Blood samples of 3 cc were drawn simultaneously from the femoral artery and coronary sinus. Lactate levels were determined enzymati-tally on a centrifugal analyzer. Baseline samples were drawn before starting the stimulation protocol and subsequent samples were drawn immediately upon completion of each step of the stimulation protocol. While samples were being drawn, stimulation with the basic drive trains was continued. Final samples were drawn from the femoral artery and coronary sinus 5 minutes after completion of the stimulation protocol. Ventricular tachycardia was induced by the stimulation protocol described above in four patients. In two patients (Nos. 10 and 13) sustained ventricular tachycardia requiring direct-current countershock was induced by triple extrastimuli at a basic drive cycle length of 400 msec, and no blood samples for lactate determinations were available for this step of the protocol. In another two patients (Nos. 14 and E), ventricular tachycardia not requiring direct-current countershock was induced by triple extrastimuli at a basic drive cycle length of 400 msec. In these two patients the stimulation protocol was repeated and samples were drawn during stimulation at a basic drive cycle length of 400 msec with triple extrastimuli when the coupling intervals of the extrastimuli were within 10 to 20 msec of the coupling intervals which had induced ventricular tachycardia previously.
No patient experienced angina pectoris during the stimulation protocol, and no patient was given any form of nitrate therapy.
The arterial-coronary sinus lactate difference divided by the arterial lactate level Xl00 was expressed as "percent lactate extraction." Statistical analysis. Comparisons of the mean arterial blood pressure during programmed stimulation between patients in whom net myocardial lactate production was and was not observed were performed with a Student's t test, with p < 0.05 accepted as significant.
RESULTS
Patients without identifiable structural heart disease.
In each of the four patients without identifiable heart disease, there was myocardial lactate extraction and no net lactate production throughout the ventricular stimulation protocol (Table II) .
Patients with idiopathic dilated cardiomyopathy.
There was no net myocardial lactate production during programmed ventricular stimulation in the four patients who had an idiopathic dilated cardiomyopathy (Table II) .
Patients with coronary artery disease. There was net myocardial lactate production, i.e., negative lactate extraction, in three patients who had coronary artery disease (Nos. 9 to 11, Table II ). The earliest step in the stimulation protocol at which net myocardial lactate extraction became negative was three extrastimuli at a basic drive cycle length of 400 msec in patient No. 9, two extrastimuli at a basic drive cycle length of 600 msec in patient No. 10, and one extrastimulus at a basic drive cycle length of 600 msec in patient No. 11. In each of these three patients, net myocardial lactate extraction returned to baseline values 5 minutes after completion of the stimulation protocol. In the remaining six patients who had coronary artery disease, there was no net myocardial lactate production.
There was no significant difference in the mean arterial blood pressure during sinus rhythm between the three patients in whom there was net myocardial lactate production (83 f 6 mm Hg) and the six in whom there was not (83 +-13 mm Hg, p > 0.05). There was no significant difference in the minimum mean arterial blood pressure during programmed stimulation with triple extrastimuli between patients in whom net myocardial lactate production did and did not occur, either when the basic drive cycle length was 600 msec (63 + 15 mm Hg vs 78 f 16 mm Hg, p > 0.05), or 400 msec (54 f 14 mm Hg vs 66 ? 14 mm Hg, p > 0.05).
The mean left ventricular ejection fraction among the three patients in whom there was net myocardial lactate production was 0.24 f 0.07, compared to 0.33 + 0.15 among the six patients in whom there was not (p > 0.05).
The patients in whom there was net myocardial lactate production each had double-or triple-vessel disease, and two of the three patients had a significant stenosis in both the left anterior descending and the left circumflex coronary arteries. The coronary artery disease was generally less severe in the patients who did not demonstrate net myocardial lactate production during programmed ventricular stimulation.
Only one of the six patients had a significant stenosis in both the left anterior descending and the left circumflex coronary artery.
Exercise-induced ischemia did not correlate well with net myocardial lactate production during programmed ventricular stimulation.
One of the three patients in whom there was net myocardial lactate production during programmed ventricular stimulation had evidence of myocardial ischemia in stage II of a stress thallium-201
test. An exercise test was not performed in the other two patients because of general debility. Among the six patients without net transmyocardial lactate production during programmed ventricular stimulation, four had evidence of myocardial ischemia demonstrated in stage I or II of a stress thallium-201 test.
DISCUSSION
The results of this study demonstrate that programmed ventricular stimulation with a stimulation protocol typically used in many electrophysiology laboratories is capable by itself of provoking myocardial ischemia in at least some patients who have coronary artery disease. In contrast, myocardial ischemia is not provoked by programmed ventricular stimulation in patients without coronary artery disease, regardless of whether left ventricular function is normal or severely impaired.
There was a wide range of 17% to 73% in the baseline levels of myocardial lactate extraction in the heterogeneous group of patients in this study. However, a wide range (5 % to 55% ) in resting myocardial lactate extraction has been observed even in a homogeneous group of normal subjects.* Because of this wide range in myocardial lactate extraction in normal subjects, any absolute value of myocardial lactate extraction short of production cannot be considered abnormal.'
In the present study, although several patients demonstrated a fall in net myocardial lactate extraction at some point in the stimulation protocol, net myocardial lactate production occurred during programmed ventricular stimulation in only three of the nine patients with coronary artery disease.
Determinants
of lactate production during programmed stimulation.
Regarding the determinants of net myocardial lactate production during programmed ventricular stimulation in patients with coronary artery disease, although the fall in mean arterial blood pressure during programmed stimulation tended to be of greater magnitude in patients in whom there was net myocardial lactate production compared to patients in whom net myocardial lactate production did not occur, the difference did not attain statistical significance. There was also no significant difference in the mean left ventricular ejection fraction between the two groups of patients.
The patients who had evidence of myocardial ischemia during programmed stimulation in general had more severe coronary artery disease. It might be expected that net myocardial lactate production during programmed ventricular stimulation would correlate with the presence of exercise-induced ischemia. Accordingly, one of the three patients in whom myocardial ischemia was provoked by programmed stimulation also had evidence of exerciseinduced ischemia. Because the two patients who were not able to exercise had a recent history of angina pectoris provoked by mild or moderate exertion, it is likely that ischemia would also have been demonstrated by exercise testing in these two patients. However, four of the patients who did not have evidence of ischemia during programmed stimulation had documented exercise-induced ischemia; it can therefore be concluded that a positive exercise test does not necessarily predict the occurrence of myocardial ischemia during programmed ventricular stimulation.
It is noteworthy that none of the three patients in whom net myocardial lactate production occurred during programmed ventricular stimulation experienced angina pectoris during the electrophysiologic study. Because each of these patients had a recent history of exertional angina pectoris, the absence of angina pectoris during ischemia provoked by programmed stimulation cannot be attributed to a defective pain mechanism. This may suggest that the degree of ischemia induced by programmed stimulation was mild relative to the ischemia induced in these patients by exercise.
Comparison with results of a prior study. Borggrefe et al.' reported in preliminary form that there was net myocardial lactate production in eight consecutive patients with coronary artery disease who underwent programmed stimulation, with a protocol which included single and double extrastimuli, basic drive cycle lengths between 500 and 330 msec, and an inter-train interval of 3 seconds.' In contrast, the protocol used in the present study included up to three extrastimuli, basic drive cycle lengths of 600 and 400 msec, and a 4-second inter-train interval. In both studies, myocardial ischemia was provoked in some patients by programmed stimulation with only one or two extrastimuli at relatively long basic drive cycle lengths of 500 msec or more. However, because the severity of the coronary artery disease was not specified in the preliminary report of Borggrefe et al.,' and because the inter-train interval was different, the results of the two studies are not comparable. The independent effect of the inter-train interval on myocardial lactate production during programmed ventricular stimulation remains to be determined.
With regard to the effect of the basic drive cycle length on myocardial metabolism, it is noteworthy that in patient No. 11 net myocardial lactate production occurred during stimulation with one and two extrastimuli at a basic drive cycle length of 600 msec, but not at 400 msec, although the mean arterial pressure fell to a greater degree when the basic drive cycle length was 400 msec. Because not all of the determinants of myocardial oxygen supply and demand were assessed in this study, the explanation for the findings in patient No. 11 remains unclear.
Relationship between ischemia and ventricular tachycardia induction.
This study was not designed to evaluate the effects of myocardial ischemia on the induction of ventricular tachycardia. However, the demonstration that programmed stimulation by itself may provoke myocardial ischemia suggests that myocardial ischemia could potentially influence the results of programmed ventricular stimulation in some patients who have coronary artery disease. Consistent with this possibility are the results of a study by Garan et a1.g Ten of 15 patients in whom ventricular tachycardia was inducible by programmed stimulation no longer had inducible ventricular tachycardia after undergoing coronary artery bypass grafting. Therefore, in some patients who have coronary artery disease, myocardial ischemia provoked by programmed ventricular stimulation may play an important role in the induction of ventricular tachycardia.
It is possible that myocardial ischemia may have been provoked in a greater number of patients in this study had the stimulation protocol included bursts of rapid overdrive pacing. The effects of burst pacing on myocardial metabolism
were not evaluated, because a standard protocol for burst pacing does not exist.'O The cycle lengths at which burst pacing is performed, the duration of burst pacing, and the interval between pacing bursts are extremely variable between different laboratories.1° Limitations.
A limitation of this study is the inability to detect myocardial ischemia in the distribution of the right coronary artery. Because the right coronary artery does not usually drain into the coronary sinus, only patients who had a significant stenosis in a branch of the left coronary artery were included in this study. However, because several patients also had a significant stenosis in the right coronary artery, it is possible that the effect of programmed ventricular stimulation on myocardial metabolism was underestimated. A second limitation is that measurement of the arterial-coronary sinus lactate difference may not have been a sensitive indicator of localized myocardial ischemia in the distribution of the left coronary artery. Prior studies have demonstrated that there may be release of lactate from the myocardium of patients with coronary artery disease at a time when the arterialcoronary sinus difference shows net myocardial lactate extraction.", l2 This may also have resulted in an underestimate of the effects of programmed ventricular stimulation on myocardial metabolism.
Conclusions.
In conclusion, programmed ventricular stimulation may induce myocardial ischemia in some patients who have coronary artery disease, but Ischemia during programmed stimulation 257 does not do so in patients with a dilated cardiomyopathy or without structural heart disease. This observation suggests that in at least some patients with coronary artery disease, the induction of ventricular tachycardia by programmed ventricular stimulation may not be solely an electrophysiologic phenomenon, but may be influenced by myocardial ischemia. The effect of myocardial ischemia on the induction of ventricular tachycardia during programmed stimulation remains to be determined.
